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EP0 711 371 B1 

Description 

[0001] This invention relates to the production of paper which may be filled or unfilled and may be lightweight or 
heavyweight. The paper may be, for instance, paper board. 

5 [0002] It is standard practice to make paper by forming a thick stock cellulosic suspension from at least one thick 
stock-component cellulosic suspension, diluting this to form a thin stock, passing the thin stock towards a drainage 
screen through various items of apparatus such as a fan pump and/or a centriscreen, and draining the thin stock 
through the screen so as to form a sheet, which is then dried. The thick stock is usually made by blending several 
different thick stock-component suspensions. The thin stock and the resultant paper may be unfilled, but generally filler 

10 is included. 

[0003] It is standard practice to include various polymeric materials and other additives during the process. For 
instance it is known to add to the thick stock polymeric materials variously described as pitch dispersants, pitch fixatives 
or runability aids. The term "pitch" is used as a generic term to refer to a variety of sticky materials that may be naturally 
occuring with the paper making fibres or that may be added as a result of, for instance, recycling waste paper that 

15 includes polymeric binder. 

[0004] Pitch dispersants are low molecular anionic compounds that keep the pitch in dispersion. In view of the in- 
creasing tendency to recycle the drainage white water, this can lead to an unacceptable build up of dispersed pitch in 
the white water. It is therefore more common to include pitch fixatives or runnability aids. Pitch fixatives are intended 
to cause the pitch, while still in very fine dispersed state, to be deposited onto the paper fibres so as to prevent its 

20 accumulation in the suspension and its non-uniform and undesirable deposition as relatively large lumps on the paper 
or on the paper making machinery. Since the components of the pitch are generally regarded as anionic and since the 
paper making fibres are generally anionic, conventional practice has been to use, as pitch fixative, polymeric material 
having the highest possible cationic charge. 

[0005] In practice, suitable polymers having maximum cationic charge (for instance being homopolymers of cationic 
25 monomer) all usually have a relatively low molecular weight, typically having molecular weight such that intrinsic vis- 
cosity is below 2, and often below 1 , dl/g. Accordingly, the pitch fixatures that are conventionally used are low molecular 
weight, high cationic charge, polymers. Examples are polyethylene imine and polyDADMAC (diallyl dimethyl ammo- 
nium chloride homopolymer). The use of these low molecular weight polymers is reasonably convenient since they 
can be supplied as solutions that are easy to store and use. Accordingly the use of such polymers does not necessitate 
30 the provision of bulky dissolution apparatus such as is required when high molecular weight flocculant polymers are 
used as retention aids later in the system. 

[0006] It is also known to add various other materials to promote pitch fixing. For instance bentonite is sometimes 
added to the thick stock for this purpose. The use of a low molecular weight polymer in combination with bentonite is 
described in WO-A-93/1 3265 and, for low molecular weight polymers of a particular molecular weight, in EP-A-586755. 

35 [0007] There have been several recent proposals to improve pitch fixing or other properties by adding cationic pol- 
ymers of DADMAC at various positions. Some such disclosures mention adding polymers to the thick stock wherein 
the polymers can fall within a wide range of molecular weights and cationic charge densities and so embrace high 
molecular weight polymers. In practice, however, the disclosures which relate to pitch fixing tend to be exemplified 
solely by the use of polymers which have high charge density, for instance above 3 meq/g and low molecular weight, 

40 for instance intrinsic viscosity below 4 dl/g. 

[0008] Examples of relevant references includes CA-A-2, 102,742 and U.S.-A-5,098,520, 5,185,062, 5,256,252, 
5,266,164 and 5,292,404. 

[0009] Although high cationic, low molecular weight, polymeric materials can serve as runnability aids and pitch 
fixatives, it is generally preferred to use them only when pitch or runnability problems are serious. This is because the 

45 cationic nature of the polymers can have an adverse effect on the brightness of the paper and because of the cost of 
the material that is used. We believe that part of this cost is wasted in the sense that we believe a significant proportion 
of the cationic polymeric pitch fixative does not serve to fix the pitch to the paper fibres but is, instead, absorbed into 
the paper fibres where it exerts little or no useful effect and may promote the deterioration in brightness. 
[0010] It would therefore be desirable to be able to minimise pitch and runnability problems in a more economic 

50 manner and with reduced damage to brightness. 

[0011] Some paper-making processes are conducted with the addition of an inorganic cationic coagulant (alum) to 
the stock but many processes are conducted in the absence of alum. A retention system comprising a polymeric 
retention aid is added during most paper-making processes. The polymeric retention aid causes flocculation of the 
cellulosic fibres and conventional thinking dictated that the amount of shear applied to the floes should be minimised 

55 if optimum retention performance was to be obtained. In practice the polymeric retention aid and other components of 
the retention system are normally added to the thin stock and serve to promote retention, in the wet sheet, of fibre 
fines and any filler. This reduces the amount of cellulosic material and filler that drains through the screen. The retention 
system traditionally consisted of a single point addition of high molecular weight polymer immediately prior to the 
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drainage screen, but various multipoint retention systems are also known in which different materials are added to the 
thin stock at different points. 

[0012] In EP-A-235893 we describe a retention system in which a synthetic cationic polymer of molecular weight 
above 500,000 (and generally IV above 4 dl/g) is added to cause flocculation of the suspension, the flocculated sus- 
5 "pension is subjected to shearing so as to reduce the floes to microflocs, and bentonite is then. added. It is explained 
in the specification that the polymer is generally added to the thin stock or with the dilution water that is used to convert 
the thick stock to the thin stock. It is also explained that the stock may already contain a strengthening agent, often a 
cationic starch. 

[0013] The process of EP-A-235893 has been widely commercialised as the Hydrocol process (Hydrocol is a trade 
to mark of Allied Colloids Limited) and is recognised as giving an extremely beneficial combination of retention, drainage 
rate, drying rate and product quality. 

[0014] We describe in EP-A-335575 similar processes, but in which a low molecular cationic polymer is included 
before the high molecular polymer is added. It is stated that, inter alia, this would reduce pitch problems. 
[0015] Other processes which use a low molecular weight polymer followed by a higher molecular weight polymer 
is followed by shearing followed by anionic micro-particulate (colloidal) material are known and a typical disclosure is in 
U.S.-A-5, 126,014. 

[0016] The thick stock used in papermaking is generally formed from several pulps. Each pulp is generally free of 
polymeric material. However we have described in EP-A-0335576 and in EP-A-335575 processes in which the drainage 
of the pulp is improved by including a high molecular weight polymeric drainage aid in the suspension that is drained 

20 to form the pulp. However this polymer addition will contribute nothing towards solving the runnability or retention 
problems of a suspension made from such pulp. For instance floes formed in the pulp will be degraded by the resus- 
pension of the pulp into the thick stock and the polymeric flocculant in the pulp will mainly remain absorbed on the 
fibres and so will not be available to contribute to solving runnability problems due to the build-up of pitch and stickies 
derived from recycled broke or other chemical additives and which build up in the recycled water, particularly in closed 

25 mill systems. 

[0017] It is always difficult to select a retention system so as to give the optimum blend of retention, drainage rate, 
drying rate and product quality and in practice every process requires selection of a compromise between the conflicting 
requirements of each of these properties. For instance, although it is generally possible to select materials and process 
conditions to obtain a good balance of properties by the Hydrocol process, on some mills and with some stocks it can 

30 be rather difficult to maintain good product quality ('formation'') when obtaining optimum retention, drainage rate and 
drying rate. Formation is an indication of the distribution of fibres within the sheet. If the fibres are present as floes or 
agglomerates the sheet will have rather high porosity (due to uneven density within the sheet) and is said to have poor 
formation. When the fibres are very uniformly distributed within the sheet, the sheet is said to have good formation. 
[0018] Other paper-making processes may tend to give good formation, but at the expense of inferior performance 

35 properties such as retention or drying rate or drainage rate. 

[0019] Achieving and maintaining an optimum balance of properties is becoming increasingly difficult as a result of 
the trends towards use of increasing amounts of recycled paper, optionally after deinking, and towards closing the mill 
water circuit so that Whitewater is recycled for prolonged periods at the mill and so is liable to accumulate a high 
electrolyte or other impurity content. These trends also result in increasing pitch problems. 

40 [0020] It would be desirable to provide a new retention system that easily allowed a better or different combination 
of retention , drainage, drying and formation properties than is easily obtainable in the Hydrocol process, and in particular 
it would be desirable to provide such a retention system that allowed the easy attainment of better formation while 
maintaining similar retention and/or drainage and/or drying properties, or which allowed maintenance of satisfactory 
formation while giving improved retention and/or drainage and/or drying properties. 

45 [0021] Accordingly the invention includes a process in which paper is made by a process comprising 

forming a thick stock cellulosic suspension having a solids content of at least 2.5% by weight from at least one 
thick stock-component cellulosic suspension having a solids content of at least 2.5% by weight, 
flocculating the thick stock by adding to the thick stock or to at least one thick stock-component suspension a 
so synthetic, substantially water soluble, first, polymeric material having a theoretical cationic charge density of less 

than 3 meq/g and intrinsic viscosity of at least 4 dl/g, preferably in an amount that significantly reduces filtrate 
turbidity of the flocculated thick stock, 

diluting the flocculated thick stock to form a thin stock having a solids content of not more than 2% by weight, 
draining the thin stock through a screen to form a sheet, 
55 and drying the sheet. 

[0022] The process generally includes adding a retention promoter system to the thin stock before drainage, and 
this retention promoter system is usually selected from (a) adding a polymeric retention aid selected from synthetic 
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polymers having intrinsic viscosity above 4 dl/g and cationic starch, (b) adding anionic colloidal material (usually im- 
mediately before draining), (c) adding a polymeric retention aid selected from synthetic polymer having intrinsic viscosity 
above 4 dl/g and cationic starch followed by anionic colloidal material (generally immediately before draining), (d) a 
coagulant selected from inorganic coagulant and water soluble polymeric material having IV less than 3 dl/g and (e) a 
5 coagulant selected from inorganic coagulant and water-soluble polymeric material having intrinsic viscosity of less than 
3 dl/g followed by anionic colloidal material. The preferred processes are (d) and (e), especially (e) since such processes 
combine the benefits of good retention, good formation and minimum pitch problems. 

[0023] In this specification, intrinsic viscosity is measured at 25* C. in 1 M sodium chloride buffered at pH7 using a 
suspended level viscometer. 

10 [0024] In this specification theoretical cationic charge density is the charge density obtained by calculation from the 
monomeric composition which is used for forming the polymer. 

In this specification dosages of polymer or other materials that are expressed as a percentage are expressed as per- 
centage dry polymer based on the dry weight of the suspension that is being treated, and so 0.01 % dosage represents 
100 grams dry polymer per 1 tonne dry weight of suspension. 
15 [0025] In this specification, filtrate turbidity is the turbidity of the filtrate obtained by filtering the flocculated suspension 
through a fast filter paper, followed by measuring the turbidity optically in a clean cuvette in a turbidity meter that 
operates on the diffused light double beam principle (such as a Dr. Lange turbidity meter) and which expresses the 
result in NTU. 

[0026] By saying that the flocculant is added in an amount that significantly reduces filtrate turbidity we mean tnat 
20 the turbidity of the filtrate from the suspension to which the flocculant has been added is significantly less than the 
turbidity of the filtrate obtained from the same suspension but to which flocculant had not been added. For instance 
the filtrate turbidity of the flocculated suspension is generally below 50%, preferably below 30% and most preferably 
below 20% of the filtrate turbidity of the suspension prior to addition of the flocculant. 

[0027] Another way of indicating that filtrate turbidity has been significantly reduced is by reference to the amount 
25 of flocculant required to give optimum (i.e., lowest) filtrate turbidity. When the filtrate turbidity is recorded for increasing 
amounts of flocculant polymer, it will be found that turbidity decreases to a minimum and then increasing the amount 
of polymer results in increased turbidity. It is therefore easily possible to determine the amount of flocculant polymer 
that gives optimum (minimum) turbidity in any particular suspension. Best results in the invention are generally obtained 
when the amount of flocculant polymer that is added is at or near the optimum. However this is not always essential. 
so Thus good results can be obtained in the invention when the amount of flocculant polymer is at least 25%, preferably 
at least 50% and most preferably at least 75% of the optimum amount, i.e., the amount that gives optimum (minimum) 
filtrate turbidity. It is generally preferred that the amount of polymer should not be too much above the optimum since 
increasing turbidity tends to indicate inferior performance and wasted polymer. However it is sometimes found that the 
turbidity obtainable at the optimum dose is so low that significant variations in the dose can be used without seriously 
35 impairing the control of pitch, and the use of excess polymer may be useful in the subsequent retention stages of the 
process. Accordingly it is normally satisfactory for the amount of polymer to be up to 200% of the optimum and often 
it is up to 300% or even 500% of the amount for optimum filtrate turbidity. 

[0028] In practice the amount of polymer added at this thick stock stage is at least 0.005% and generally at least 
0.01%. Usually it is in the range 0.03 to 0.1 5 or 0.2%. However higher amounts, up to 0.5% or even 1% or more can 
40 be used 

[0029] Although filtrate turbidity can be due in part to components that are not associated with pitch deposition prob- 
lems, as a rough guide we believe that low filtrate turbidity is usually associated with low tendency towards pitch 
deposition problems. Accordingly, when minimisation of pitch deposition is the primary objective of adding the polymer 
to the thick stock, the dosage of polymer will normally be selected so that the filtrate turbidity is as low as possible. 

45 [0030] As indicated above, the prior art indicates that cationic polymers used as pitch fixatives should have high 
cationic charge and low molecular weight and it is very surprising that in the invention good results can be achieved 
using a high molecular weight, low cationic, polymer. The invention has the particular advantage that the use of such 
polymers tends to result in less damage to the brightness of the sheet less than occurs when traditional high cationic 
low molecular weight polymers are used for this purpose. It seems that, provided the polymer has high molecular weight 

so (iv above 4 dl/g), satisfactory substantivity to the pitch and to the fibres is achieved even though the cationic charge 
is low. Since the cationic charge is low, there is less optical damage to the fibre sheet. Since the molecular weight is 
high, there is less risk of wastage of polymer due to absorption in the fibres. Accordingly the invention can result in 
lower filtrate turbidity at equivalent polymer dosage and lower optimum filtrate turbidity (combined with less brightness 
loss) at equivalent dosage of polymer, and less brightness loss at optimum filtrate turbidity, compared to conventional 

55 high cationic low molecular weight polymer. 

[0031] The flocculant polymer can be used as the only pitch fixative or runnability aid in the process but it can be 
used in combination with other materials that are included deliberately for this purpose or which may be included for 
another purpose but which may have a beneficial effect on pitch fixation. For instance cationic starch or other dry 
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strength resin may be added. Bentonite or other anionic colloidal material may be added either before, with or after 
the addition of the flocculant. Since the bentonite or other anionic colloidal material may tend to interact with the pol- 
ymeric flocculantto produce very large floes, it Is generally desirable thatthe thick stock should be subjected to sufficient 
agitation to prevent the formation of such floes or to degrade them if they are formed. 

5 [0032] The flocculant polymer that is used in the thick stock may be substantially non-ionic or anionic (especially 
when the thick stock has a high electrolyte content) but generally is cationic. The theoretical cationic charge density 
should be not more than around 3 meq/g because otherwise the advantages of using a relatively low cationic polymer 
(cost of cationic monomer and minimisation of brightness loss) will decrease, and generally it is below 2 meq/g. Usually 
it is at least 0.1 , and more usually at least 0.5 meq/g. Suitable polymers are described in more detail below under the 

io description "first polymers". 

[0033] The flocculation of the thick stock has the described beneficial effects on pitch fixing but can also be beneficial 
' for subsequent retention treatments even though passage of the flocculated thick stock towards the screen will inevi- 
tably result in degradation of the floes, possibly with some resuspension of fibres, to form smaller floes that can be 
termed microflocs. If no subsequent retention treatment is applied, this degradation may be such that retention prop- 

is erties are rather poor and so preferably a retention system is applied to the thin stock formed by diltuion of the thick 
stock. Any conventional retention system can be used. 

[0034] In one process, improved retention is achieved by the use of a single component polymeric retention aid at 
a later thin stock, stage in the process, for instance just before drainage, e.g., after the last point of high shear. For 
instance polymeric retention aid can be added just prior to or at the headbox. This polymeric retention aid is usually a 
so synthetic polymer which generally has IV at least 4 dl/g. It may be anionic, non-ionic orcationic. Routine experimentation 
will establish which type of polymer gives best results on the particular thin stock. For instance if the thin stock has a 
relatively high cationic content then it may be appropriate to use a non-ionic or anionic polymeric retention aid, but 
otherwise a cationic retention aid is generally preferred. Although high IV synthetic polymer is preferred, cationic starch 
can be used in place of some or all of the synthetic polymer. 
25 r00351 Instead of using polymer alone, it can be used in combination with other materials. For instance bentonite or 
other anionic particulate material may be added to the thin stock or to the thick stock, generally after flocculation of it, 
and the polymeric retention aid may be added subsequently. Again the retention aid mayl * 7°"*™"-™" °' 
cationic. Such a process using substantially non-ionic retention aid is described in EP-A-017353 In a variation on this 
process as described in AU-A-63977/86, a highly cationic polyelectrolyte, generally of relatively low molecular weight, 
30 mav be added after adding the bentonite and before adding the final polymeric retention aid. 

SSL? knottier variation of this process, as described in unpublished European application 94300260.0 at least 
one thick stock component contains filler and the filler is coagulated with the fibres in that component suspension ^ y 
adding cationic coagulating agent to the suspension containing filler and fibre, followed by the addition of the anionic 
SlSSL such as bentonite and then the polymeric retention aid. In all these processes, the final retention 
Z SeralV has IV at least 6 dl/g and is generally a substantially water-soluble polymerformed by polymerisation of 

TZT^Z7ZZ7^ retention aid as the retention system, it Is sometimes possible to obtain good 
£2 mereTby The addftio'n oTanionic coiloidal material, for instance after the last point of 
Nn stock is subjected, typically at or close to the head box. This can give good results especially ^ <h^»*mK 
that was added at the thick stock was cationic polymer present in sufficient exce« ' "« »• «»P«*d 
are approaching the drainage stage have a sufficient cationic charge to interact with and be flocculated by the anionic 
colloidal material. Suitable anionic colloidal materials are described in more detail below. 

[0038] Although the invention has the advantage of permitting reduction in pitch problems ft should be, "deretood 
that the preferred aspects of the invention are aimed at achieving good formation and retention irrespective of pitch 
prob eL P and are. /particular, processes (d), or preferabiy (e) above. Thus in such processes taM^ 
a material which does not require this pitch fixative addition. For instance the thick stock may have been made from 
Lan stock components having low tendency to deposit pitch or other components which will act as pitch f ixatives may 
beTncfuS 

PftchTxaSves may be included in a dirty thick stock or thick stock component such that the thick stock does not suffer 

lo^o?^ 

thick stock- the amount can be selected having regard primarily to the requirements of the later stages of the process 
ratter than naving Regard to the filtrate turbidity of the flocculated thick stock. For instance if the retention system that 
s being used peLSs best when the thick stock has been treated with an excess of cationic high molecuter wdght 
polymeric materia, then the amountof this material may be significantly above the amount re ^' re f ^ fo ; ~.^ f '" r . a ^ 
turbidity and the filtrate turbidity of the flocculated suspension may be almost as much as the , trate turt, d.ty of the 
suspension in the absence of the polymer. Generally, however, the amount of polymer should still fall within the ranges 
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discussed above in the context of filtrate turbidity. 



copojmers o'acrylamide or other water so.uble non-ionic monomer with up to 10 or 20 mo.e percent 

ss SruStfon performance on the thick stock either having regard to filtrate ^^^^^ 

the subsequent requirements of the addition of coagulant and anion.c colloidal material. With most th.ck stocks, best 
results are achieved when the first polymer is a low to medium imDerfectjons ln the paper 

[0051] The polymer must be sufficiently soluble in water in order that it does not cause imperfect.ons tne pap 
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sheet, but it can be lightly cross linked so that it is a blend of water swellable polymer particles below 1 0 |im and water 
soluble polymer, for instance as described in EP-A-202780. 

[0052] The conventional dilution stages and other processing stages leading to the machine wire necessarily subject 
the suspension to turbulence and shear and this will inevitably result in degradation of the initial floes and possibly 
5 some resuspension of fibres. The dilution, for instance with white water from the wire, generally gives a thin stock 
having a solids content of 0.3 to 2%. 

J0053] In the preferred process of the invention the resultant microflocs and/or resuspended material is treated by 
the addition of one or more coagulants so as to prepare the suspension for subsequent drainage, and generally for 
super coagulation by a subsequent addition of anionic colloidal material followed by drainage. 

10 [0054] In this specification, we are using the term "coagulant" in the sense of denoting any material that has the 
effect of causing the fibres and filler particles (if present) in the thin stock to aggregate together to form small dense 
microflocs prior to drainage or super coagulation, or in some instances merely to be more susceptible to super coag- 
ulation even if there is no visible aggregation prior to the addition of the anionic colloidal material. 
[0055] The coagulant that is added can be an inorganic material and/or it can be a second organic polymeric material. 

15 if it is a polymeric material it must have low intrinsic viscosity since it is undesirable for the second material to induce 
significant bridging flocculation of the type that is generated by high molecular weight polymers. Bridging flocculation 
at this stage may detract from the formation properties of the final sheet. The addition of the second polymer may 
appear to cause some aggregation but, because of the low molecular weight, this aggregation will not detract from the 
formation properties that are desired. The intrinsic viscosity is not more than 3 dl/g and is generally below 2 dl/g and 

20 even below 1 dl/g. Expressed as molecular weight measured by gel permeation chromatography, the molecular weight 
of the second polymer is usually below 500,000, preferably below 400,000. Most preferably it is below 300,000. Gen- 
erally it is above 50,000. 

[0056] The floes formed as a result of the addition of the first polymer may have an excess surface cationic charge, 
due to the first polymer. The degradation of these floes that occurs during dilution and flow of the thin stock towards 

25 the screen will result in the exposure of anionic or non-ionic sites on the microflocs or resuspended solids. In many 
processes of the invention it is desirable for the second polymer to be cationic so as to increase the cationic charge 
on the microflocs and suspended solids before the addition of the anionic colloidal material. Accordingly in many proc- 
esses it is desirable for the second polymeric material to be cationic, and in particular it is generally preferred for the 
cationic charge on the second polymer to be high. Thus the second polymer generally has a theoretical cationic charge 

30 of above 4 meq/g and often above 5 meq/g. 

When the second polymer is cationic, it is preferably formed of recurring units of which at least 70%, and generally at 
least 90% are cationic. Preferred polymers are homopolymers of diallyl dimethyl ammonium chloride and co-polymers 
of this with a minor amount (usually below 30% and preferably below 10%) acrylamide, homopolymers of dialkylami- 
noalkyl (meth) -acrylamide or -acrylate quaternary salt or acid addition salt and copolymers of these with small amounts 

35 (generally below 30% and preferably below 1 0%) acrylamide, polyethylene imines, polyamines, epichlorhydnn diamine 
condensation products, dicyandiamide polymers and other conventional low molecular weight cationic coagulant pol- 

[0057] Instead of using cationic coagulant polymer alone for increasing the cationic charge on the particles in the 
suspension, it is possible to add inorganic coagulant, and in some Instances inorganic coagulant alone may be used. 
40 Suitable cationic inorganic coagulants include polyvalent metal compounds such as alum, aluminium chlonde, polya- 
luminium chloride, ferric sulphate and ferric chloride. 

[0058] If the thin stock has too high a cationic charge, for instance due to the use of an excess amount of cationic 
starch or an excess amount of first cationic polymer, coagulation may be brought about by neutralising some of the 
cationic charge by adding anionic material. Suitable anionic coagulants include inorganic anionic coagulants such as 

45 polyphosphate, polyphosphonate and polysulphonate, and organic coagulants such as low molecular weight, water 
soluble polymers of ethylenically unsaturated monomer or monomer blend that includes anionic monomer. For instance 
a suitable polymer is a polymer of sodium acrylate (or other water soluble anionic monomer) either as a homopolymer 
or copolymerised with, for Instance, 0 to 50 mole percent acrylamide or maleic anhydride. The molecular weight of 
polymeric anionic coagulants typically is such that intrinsic viscosity is below 3 dl/g, generally below 2 dl/g and most 

so usually below 1 dl/g. Expressed as molecular weight measured by gel permeation chromatography, the molecular 
weight is usually below 100,000, generally below 50,000 and frequently below 15,000. Often it is in the range 2 to 
10,000. It should be noted that many of the materials proposed for use in the invention as anionic coagulants are 
materials that, in other environments, would normally be regarded as anionic dispersants. 

[0059] If the thin stock is near neutral charge, and especially if the thin stock has a high electrolyte content such that 
55 it has high conductivity, then best results may be achieved using a coagulant which is a substantially non-ionic polymer 
that provides coagulation by hydrogen bonding. Suitable polymers are polyethylene oxide and polyacrylamide. The 
molecular weight must be such that the aggregates are reasonably small, and so again molecular weight measured 
by GPC is preferably below 1 million or 500,000 and measured by intrinsic viscosity is preferably below 3 dl/g. 
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[0060] When inorganic coagulant is being used in place of the second polymer, the amount of coagulant will be 
selected by routine experimentation and will generally be in the range 0.01 to 1%. When second polyrner is being | use* 
the amount of second polymer is usually at least 0.01% and generally at least 0.03%, dry weight ^ed on the dry 
weight of the suspension. It can be up to 0.2% or even high, for instance up to 0.5%, but .s generally below 0.1 
Preferably the amount is sufficient to give aggregation of the fibres which is visible to the naked eye. 
[00611 Although it is permissible to subject the microflocs to additional agitation and shear after application of the 
second polymer, this is generally undesirable and so generally the second polymer is added as late as convenient prior 
to drainage or, more usually, prior to the addition of the anionic colloidal matenal. 

[00621 Because the second polymer is of low molecular weight it may be possible to incorporate it in the form of 
rapidly dissolving beads or otherpolymerparticles but it is generally preferred to add the second polymer as a preformed 

[OoS" The anionic colloidal material can be any anionic material that gives a very high anionic surface area and that 
does not detract unacceptably from the properties of the final paper. It can be an anionic organic P°lynfieric emu sion, 
preferably having an average particle size below 2 urn and preferably below 1 urn, and most preferably below 0.1 nm. 
The emulsified particles may be insoluble due to being formed of a copolymer of, for instance, a water-soluble anionic 
polymer and one ormore insoluble monomers such as ethyl acrylate. Preferably, however, the organic polymeric emul- 
sion is a cross linked microemulsion of water-soluble monomelic material. , 
[0064] Preferably, however, the anionic colloidal material is an inorganic material such as colloidal sil.ca, polysil.cate 
microgel poiysilicic acid microgel, aluminium modified versions of any of the foregoing, or preferably, an anionic swell- 
ing clay. This may be any of the materials generally referred to as bentonite, hectorites or smectites or even other 
anionic inorganic materials such as zeolites. The preferred materials are those that are generally referred to in the 
industry as bentonites. The amount of bentonite or other material that is added is typically in the range 0.03 to 2 /<., the 
amount preferably being at least 0.1% and preferably below 1%. 

[0065] Although we refer to the anionic colloidal material as causing super coagulation, this aggregated structure 
encompasses any aggregation of the microflocs and resuspended fibres into a form that provides good retention and 
dewatering characteristics accompanied by good formation in the final sheet: 

[0066] The bentonite or other colloidal material is generally added after the last point of high shear, for instance in 
the head box, and the suspension can then be drained in conventional manner. 
[0067] The following are examples. 



EXAMPLE 1 

[0068] In order to demonstrate the improvement in brightness that is achieved by incorporating into the thick stock 
a low cationic high molecular weight polymer instead of a high cationic low molecular weight polymer, the following 
laboratory test was conducted. . 
250.cc of stock formed from TMP pulp is treated with various amounts of the test polymer solution and the dosag 
(percentage dry polymer based on dry stock) is recorded. The stock is stirred for 30 seconds at 1000 rpm and filtered 
under vacuum with the aid of a Whatman 541 filter paper and the filtrate was collected. ^ _ 

The pads are flattened with the aid of a Couch roll, the filter papers removed and then dried for 2 hours at 1 10 a The 
brightness results are then determined on a scale where reducing the value indicates lower brightness. Filtrate turbidity 
is recorded, on a scale where decreasing values indicate improved results (less turbidity). 
In this test, polymer A is poly DAD MAC IV 0.4 dl/g. 

Polymer B is poly DADMAC IV 2.0 dl/g. ............ 

Polymer C is a copolymer of 90 mole % acrylamide with dimethylaminoethyl acrylate quatemised MeC IV 8 dl/g. 
Polymer D is a copolymer of 65 mole % acrylamide and dimethylaminoethyl acrylate quatemised MeCI IV 7 dl/g. 
[0069] The results are shown in Table 1 below. 



Table 1 




Product Used 


Product Dosage % 


Filtrate Turbidity (NTU) 


Pad Brightness 


Brightness Loss I 




0 


65.8 


61.15 


— — 


A 


0.025 


64.8 


60.2 


0.95 




0.05 


55.0 


60.45 






0.1 


43.8 


60.15 


a 




0.2 


31.9 


59.85 






0.4 


20.3 


58.7 


2.45 




0.8 


16.1 


60.2 


0.95 
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Table 1 (continued) 
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0.05 


12.1 
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0.1 


5.0 


60.05 


1.1 


25 
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3.8 


60.4 


0.75 






0.4 


3.1 


59.9 


1.25 






0.8 


10.9 


59.85 


1.3 






1.6 


26.7 


60.7 


0.45 



[0070] It is apparent from these results that the flocculants C and D are capable of giving lower turbidity in this test 
than the coagulants and that they can give lower turbidity at any particular dosage. It will be seen that useful results 
can be obtained using flocculants at dosages ranging from around 0.025 to 1 .6% but that in practice the process is 
best operated at dosages ranging from around 0.1 to 0.9% with best results being obtained with these flocculants at 
dosages of around 0.2 to 0.5%. It will also be seen that the flocculants C and D can generally give less brightness loss 
than equal dosages of coagulants A and B, and in particular the brightness loss at the flocculant dosage that gives 
near optimum filtrate turbidity can be less than the brightness loss that gives optimum (but usually inferior) filtrate 
turbidity using coagulants A and B. 

40 EXAMPLE 2 

[0071] In this example, an actual mill stock for making fine paper, printing paper and writing quality paper and having 
23% filler was subjectedto various laboratory retention, drainage, drying andformation tests aftertreatment with various 
combinations of coagulant A (as above), flocculant E (90 mole % acrylamide with 10 mole % dimethylaminoethyl 
acrylate quatemised with methyl chloride, intrinsic viscosity 7 dl/g), and bentonite. 

[0072] When polymer was added to thick stock, it was in each instance subsequently sheared using a large angle 
blade stirrer diameter 6 cm, shear speed 2,000 rpm. When polymer was added to thin stock, it was subsequently 
sheared using a propellor stirrer diameter 5 cm, shear speed 1500 rpm. When bentonite was added to the thin stock, 
the thin stock was then stirred with the same propellor stirrer but at 800 rpm. 

[0073] All mixing, shearing and retention tests were carried out in a baffled Britt Dynamic Drainage Jar fitted with a 
250 u.m screen wire. 

[0074] Retention was determined as a percentage in conventional manner. The suspension was subjected to vacuum 
drainage to determine the drainage time in seconds (on a scale where increasing time indicates slower drainage), pad 
solids as a percentage (on a scale where increasing the pad solids indicates better dewatering after drainage and 
therefore potentially quicker drying), and detta P. Delta P is an indication of the formation or the degree of flocculation 
within the sheet and lower values indicate better formation. 

[0075] In the following tables, polymer dosages and bentonite dosages are given in grams per ton, pad solids and 
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retention as a percentage, and vacuum drainage in seconds. Polymer A and the bentonite is always added to the thin 
stock. Polymer E is added to the thick stock or the thin stock. 

[0076] Processes where polymer E is added to the thin stock followed by bentonite being added to the thin stock are 
similar to the processes described in EP-A-235893. 

For convenience, the retention values have been quoted in the same tables as the other properties, but expenmentally 
they were determined in separate experiments. oocon _. 
Table 2 shows the results when the high molecular weight polymer is added to the thin stock (as in EP-A-235893) and 
Table 3 shows processes according to the invention in which the polymer is added to the thick stock followed by 
coagulant and/or bentonite to the thin stock. Table 4 shows a modification of the process of EP-A-235893 wherein 
coagulant polymer is added after the flocculant polymer has been added to the thin stock, and Table 5 shows a process 
according to EP-A-335575, where coagulant polymer is added to the thin stock before the flocculant polymer 
[0077] Comparable tests from the various tables are shown in Table 6, to allow a comparison to be made between 
the processes. 

[0078] It is apparent from this data, and in particular Table 6, that in these tests the processes of the invention (wherein 
the flocculant polymer is added to the thick stock) give better formation (lower delta P) than any of the other processes 
and that the improved formation is accompanied by acceptable retention, pad solids and drainage values. In particular, 
in the preferred process using flocculant in the thick stock and coagulant polymer followed by bentonite in the thin 
stockthe results show improved formation, improved retention and improved pad solids. The small decrease in drainage 
performance is commercially acceptable. Indeed, it may be desirable in some modern high speed, high shear, paper- 
making machines. 
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Claims 



1 . A process for making paper comprising 

5 " forming a thick stock cellulosic suspension having a solids content of at least 2.5% by weight from at least 

one thick stock component cellulosic suspension having a solids content of at least 2.5% by weight, 
flocculating the thick stock by adding to the thick stock or to at least one thick stock component suspension a 
synthetic, substantially water soluble, first, polymeric material having a theoretical cationic charge density of 
not more than around 3 meq/g and an intrinsic viscosity of at least 4 dl/g, 

w diluting the flocculated thick stock to form a thin stock having a solids content of not more than 2% by weight, 

draining the thin stock through a screen to form a sheet, 
and drying the sheet. 

2. A process according to claim 1 in which a coagulant is added to the thin stock before drainage, wherein the co- 
ts agulant is selected from inorganic coagulants and/or second water soluble polymers having an intrinsic viscosity 

of below 3 dl/g 

3. A process according to claim 2 in which the coagulant is selected from cationic inorganic coagulants and/or second 
polymers which have an intrinsic viscosity of below 3dl/g and a theoretical cationic charge density of above 4 meq/g. 

20 

4. A process according to claim 3, in which the coagulant is a polymer of diallyldimethyl ammonium chloride. 

5. A process according to any of claims 2 to 4 in which anionic colloidal material is added to the thin stock after the 
coagulant and before drainage. 

25 

6. A process according to claim 1 in which anionic colloidal material is added to the thin stock before drainage. 

7. A process according to claim 5 or claim 6 in which the anionic colloidal material is an inorganic swelling clay. 

30 8. A process according to claim 1 in which polymeric retention aid is added to the thin stock before drainage. 

9. A process according to any preceding claim in which the amount of first polymer that is added is an amount sufficient 
to reduce filtrate turbidity of the thick stock to below 50% of the turbidity in the absence of the polymer. 

35 1 0. A process according to any preceding claim in which the amount of the first polymer is at least 25% of the amount 
that gives optimum filtrate turbidity of the thick stock. 

11. A process according to any preceding claim conducted In apparatus utilising one or more of a pulper, thick stock 
mixing chest and thick stock holding chest, and the first polymer is added to one or more of the pulper, holding 
40 chest and mixing chest. 



PatentansprQche 

45 1 . Verfahren zur Papierherstellung, umfassend 

Herstellen einer Dickstoff-Cellulose-Suspension mit einem Feststoffgehalt von mindestens 2,5 Gewichtspro- 
zent aus mindestens einer Dickstoffkomponenten-Cellulose-Suspension mit einem Feststoffgehalt von min- 
destens 2,5 Gewichtsprozent, 

so Flockulieren des Dickstoffs durch Zugeben eines synthetischen, im Wesentlichen wasserios lichen, ersten po- 

lymeren Materials mit einer theoretischen kationischen Ladungsdichte von nicht mehr als etwa 3 mAq/g und 
einer Grenzviskositat von mindestens 4 dl/g zu dem Dickstoff Oder zumindest einer Dickstoffkomponenten- 
suspension, 

Verdunnen des flockulierten Dickstoffs zu einem Dunnstoff mit einem Feststoffgehalt von nicht mehr als 2 
55 Gewichtsprozent, 

Entwassern des Dunnstoffs uber einem Sieb unter Bildung eines Bogens, 
und Trocknen des Bogens. 
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2. Verfahren nach Anspruch 1 , wobei vor dem Entwassern ein Koagulationsmlttel zu dem Dunnstoff gegeben wird, 
wobei das Koagulationsmlttel aus anorganischen Koagulationsmitteln und/oder zweiten wasserioslichen Polyme- 
ren mit einer Grenzviskositat unterhalb 3 dl/g ausgewahlt wird. 

3 Verfahren nach Anspruch 2, wobei das Koagulationsmittel aus kationischen anorganischen Koagulationsmitteln 
und/oder zweiten Potymeren, die eine Grenzviskositat unterhalb 3 dl/g und einetheoretische kationische Ladungs- 
dichte von oberhalb 4 mAq/g aufweisen, ausgewahlt wird. 

4. Verfahren nach Anspruch 3, wobei das Koagulationsmittel ein Polymer von Diallyldimethylammoniumchlorid ist. 

5. Verfahren nach einem der Anspruche 2 bis 4, wobei das anionische kolloidale Material nach der Koagulation und 
vor dem Entwassern zu dem Dunnstoff gegeben wird. 

6. Verfahren nach Anspruch 1, wobei das anionische kolloidale Material vor dem Entwassern zu dem Dunnstoff 
gegeben wird. 

7. Verfahren nach Anspruch 5 oder Anspruch 6, wobei das anionische kolloidale Material ein quellender anorgani- 
scher Ton ist. 

8. Verfahren nach Anspruch 1 , wobei die polymere Retentionshilfe vor dem Entwassern zu dem Dunnstoff gegeben 
wird. 

9 Verfahren nach einem vorangehenden Anspruch, wobei die Menge des ersten zugegebenen Polymers eine Menge 
ist, die ausreicht, urn die Filtrattriibung des Dickstoffs auf unterhalb 50% derTrubung bei Abwesenheit des Poly- 
mers zu vermindern. 

10. Verfahren nach einem vorangehenden Anspruch, wobei die Menge des ersten Polymers mindestens 25% der 
Menge ist, die optimale Filtrattriibung des Dickstoffs ergibt. 

11. Verfahren nach einem vorangehenden Anspruch, durchgefiihrt in einer Anlage unter Anwendung von einem Oder 
mehreren von einem Stoffloser, Dickstoff-Mischkasten und Dickstoff-Haltekasten und wobei das erste Polymer zu 
einem oder mehreren von dem Stoffloser, Haltekasten und Mischkasten gegeben wird. 



Revendications 

1 . Procede de fabrication de papier, consistant a 

former une suspension cellulosique de pate epaisse ayant une teneur en matiere seche d'au moins 2,5 % en 
poids a partir d'au moins une suspension cellulosique de composant de pate epaisse ayant une teneur en 
matiere seche d'au moins 2,5 % en poids, 

floculer la pate epaisse en ajoutant a la pate epaisse ou a au moins une suspension de composant de pate 
epaisse une premiere matiere polymere synthetique, substantiellement soluble dans I'eau, ayant une densit6 
de charge cationique theorique non superieure a environ 3 meq/g et une viscosite intrinseque d'au moins 4 dl/g, 
diluer la pate epaisse floculee pour former une pate diluee ayant une teneur en matiere seche non superieure 
a 2 % en poids, 

egoutter la pate diluee a travers une toile pour former une feuille, et 
secher la feuille. 

2. Procede selon la revendication 1 , dans lequel un coagulant est ajoute a la pate diluee avant I'egouttage, le coa- 
gulant etant choisi parmi des coagulants mineraux et/ou des seconds polymeres solubles dans I'eau ayant une 
viscosite intrinseque inferieure a 3 dl/g. 

3. Procede selon la revendication 2, dans lequel le coagulant est choisi parmi des coagulants mineraux cationiques 
et/ou des seconds polymeres ayant une viscosite intrinseque inferieure a 3 dl/g et une densite de charge cationique 
theorique superieure a 4 meq/g. 

4. Procede selon la revendication 3, dans lequel le coagulant est un polymere de chlorure de diallyldimethylammo- 



16 




EP0 711 371 B1 




nium. 



5. Procede selon Tune quelconque des revendications 2 a 4, dans lequel une matiere colloidale anionique est ajoutee 
a la pate diluee apres le coagulant et avant I'egouttage. 



6. Procede selon la revendication 1 , dans lequel une matiere colloidale anionique est ajoutee a la pate diluee avant 
I'egouttage. 

7. Procede selon la revendication 5 ou la revendication 6, dans lequel la matiere colloidale anionique est une argile 



8. Procede selon la revendication 1 , dans lequel un adjuvant de retention polymere est ajoute a la pate dilute avant 
I'egouttage. 

15 9. Procede selon Tune quelconque des revendications precedentes, dans lequel la quantite de premier polymere qui 
est ajoutee est une quantite suffisante pour reduire la turbidite du filtrat de la pate epaisse a moins de 50 % de la 
turbidite en I'absence du polymere. 

10. Proced6 selon I'une quelconque des revendications prec6dentes, dans lequel la quantite du premier polymere est 
20 d'au moins 25 % de la quantite qui donne la turbidite de filtrat optimale de la pate epaisse. 

11. Procede selon Tune quelconque des revendications prec6dentes, conduit dans un appareil utilisant I'un ou plu- 
sieurs d'un triturateur, d'un cuvier de melange de pate epaisse et d'un cuvier de retenue de pate epaisse, et le 
premier polymere est ajoute a I'un ou plusieurs du triturateur, du cuvier de retenue et du cuvier de melange. 
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